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OF BOUNDARY LAYER
By Norman F. Smith and Doneld D. Baals

SUMMARY

A large alr scoop desigred for high critical .
speed has been tested in the Langley 8-foot high-aspeed

tunnel on the fuselage of a T=scale fighter-type alr-

plane. The scoop Inlet area was selected from con-
silderations of the totsl alr requlrements for a
2000~horsepower engine. The critlcal Mach number of the
scoop tested (apurt from the wing=scoop Jjuncture)

was 0.75 at an inlet-veloclity ratio of 0.6. This

value of critical NMach number decreased to 0.67 at

an Inlet-velocity ratio of O.4. A slightly lcwer
critical speed was attained in the wing-scoop Juncture.
The results of these tests Indicated that high-critical-
spead scoops can be derived dlrectly from high-critical-
speed three-dimensional nose-inlet shapes.

The effects of boundary layer on scoop character-
istles were found to be Important at all inlet-velocity
ratlos. At low values of inlest-weloclty ratlo, the
positive pressure gradlent ahead of the acoop entrance
caused the boundary layer to separate externally; this
separation caused significant losses 1In total pressure
In the scoop duct and high extermal drag. At high
inlet~velocity ratlios, the boundary-layer air induced
separation in the scoop diffuser, which caused appre-
clable losses in total pressure,

A boundary-layér passdge of height twice the normal
boundary~layer thickness, when operated at a sufficlently
high iInlet-wveloclty ratio, eliminated internal losses
due to separation and effected a subastantial decrease
in drag over that of the original scoop installation,
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INTRODUGTION

A reseerch program has been initliated at the
Lengley 8=foot high-spéed tunnel for the development
of high-critical~-speed, low-drag, fuselage air scoops,
Much of the work previously done on alr scoops has been
confined to the development of speclfic scoop instal-
lationsa for a glven alrplane with little consideration
Tor the development of general scoop deslgn criterions.
The present investigation was planned to yleld results,
Insofar aa possible, that are generally appllcable,

The tests were made with a generalized fighter-type

alrplane model constructed to proportiona in current
use and provided wlth a means for varying the scoop

alr-flow quantlty through a wide range.

In the first phase of the program, the results
of which are reported hereln, tests were made of a high-
crlitical-speed alr scoop mounted near the midposition on
the model fuselage. The purpose of these tests was to
determine the effects of fuselage boundary layer on the.
scoop characteristics, to deternriine the requirements of
passages suitable for removal and dlsposition of the
boundary layer, and to obtaln nerformance data on the
first of a series of scoops desisned for high critical
speed,

SYBOLS3
a, apeed of sound in free-stream air, feet per second
Mo free-stream Mach number (Vo/ac)
Mop . critical Mach number
a model angle of attack referenced to wing chord
line, degrees )
Po free-stream density, slugs per cublc foot
%, >

foot Vo

free-strgam d ic pressure, pounds per. square
ZE% 5
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Ho

H
AH

pO
H=-p
H

8]

o~ Po

free-stream total pressure, pounds ver square
foot

[

local total pressure, pounds per squaf;'foot
total-pressure loss, pounds per square foot

free-stream static preasure, pounds per square
foot

total-pressure-recovery ratlo

local static pressure, pounds per square foot
.-po

L)
scoop maximum frontal ares (0.219 sq ft)

pressure coefficient

wing area (13.85 sq ft)-
drag, pounds

internal drag (to rake station), poundse

drag coefficlent (%2%>

= Dint
scoop external-drag coefficient ——
UFg

Reynolds number, baaéd on fuselage length
of 6.66 feet

free-stream veloclty, feet per second
velocity at scoop entrance, feet per second
scoop inlet-velocity ratio
boundary-layer-passage inlet=veloclty ratio
boundary-layer thlckness

length

nondimensional boundary-layer thlckness

horizontal dlstance along model reference line
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in the tunnel test section 1s shown In figure 2. The
fuselage fineness ratios (plan and side views), wing
location, chord, and-thickness ratlo-were  chosen as
representative of values used in current designs., A
canopy Installation was omitted because 1its effect on
the present scoop installation was not considered
significant. The fuselage outlines are symmetrical 1in
slde and plan views and were derived from the NACA

111 body ordinates (reference 1), The fuselage oroas
section at every station was composed of two semlcircles
of radius wg, connected by straight lines. (See front
view, fig. 1.) The wing section 1s an NACA 66(215)-11l; air-
foll section (reference 2) set at an angle of incidence
of 1°, oOrdinates for the wing and fuselage are given

in table I,

A scale drawing showing the arrangement and prin-
cipal dimenslons of the scoop installation 1s presented
in flgure 3., The scoop entrance was located at the wing
60-percent~chord station; the maximum sectlon, at the
wing tralling edgs. The scoop section was semleclrcular
with vertical slide walls intersecting the wing and
fuselage. The maximm wldth of the scoop body was
equal to the maximm wldth of the fuselage, ard the
maximum depth (below the fuselage bottom suvrface)was
equal to one-helf the fuselage maximum width. The
Inlet area was fixed at 0,070 square feet model scale
or 1,95 square feet full scale to bte In the range
required for current installations of 2000 horsepower.

The scoop-forebody ordinates (between the entrance
and the maximum scoop section) were derived from nose B
of reference 3. The nose B profile of reference 3 was
consldered to extend back té the maximum section of the
original streamline body to which 1t was attached. The
resulting ordinates were modifled slightly behind the
nose section to lmprove the falring and were then
applied in a nondimensional form to the scoop profille
between the inlet and the maximum-dliameter statlons.
The original nose B installation and final scoop
dimensg'ions were as follows:

Original nose B
(rgferende 3) Seoop
a,/D 0.38 ' 0.625
X/D 1.85 1.10
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where

d entrance diamefer '

D maximum body diaemeter

X distance from entrancé to maximum sectlion

The .scoop afterbody consisted of an arbiltrary
failring from the scoop maximum sectlon to the exit.
(See fig. 1.) The quantity of air flowing through
the scoop was controlled by varying the exlt area by
means of a hinged portion of the fuselage behind the
scoop exlt (fig. h?. An electric-motor drive was
provided in order that the flow quantity could be
varied through a gliven range during each test.

The scoop duct. expanded slightly (equivalent to
an 8° cone) from the entrance to the scoop maximum
section and then contracted to a semlcircular sectlon
of approximately the same area as the entrance. At
thls station, pressure measurements to determline inlet-
veloclty ratlio, internal drag, end total pressure were
made. The duct remained at approximately constant area
back tc the hinged sexlt block, No simulated internal
resistance was employed In these tests 1ln order to
permit attainment of the high inlet-weloclty ratlos.

The scoop instaliation with boundariy-layer passage
18 ghown in figure 5. Fuselage undercut, which started
at the wing leading-edge statlon snd reached a depth of
5/8 inch at the scoop entrance, provided the frontal
area necessary for the boundary-layer entrance. The
passage entrance was an annular segment 1/2 inch high

1
with a 3'1nch-thick vane separating the maln duct and

the boundary-layer passage. The passage was dlvided
by a wedge-shape dlvider and terminated in an exlt on
each slde of the scoop at the maximum sectlon.

An Installation with a large amount of fuselage
undercut shead of the scoop was constructed (fig. 6).
The fuselage was_undercut to the wing lower surface

(approximately 1E in. at the scoop entrance), The
resulting boundary-layer-passage entrance was rectan-

gular and was provided with a %-1nch aluminum vane made
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detachable to permit variations in entrance height.

The passage exlts were provided with removable plates
by means of- which -the exl1t- areas and .the -alr-flow .
quantity in the boundary-layer passage could be varled.

Measurements

Boundary-layer praofiles werse measured by means of
smgll movable rakes of total=-pressure and static-preassure
tubes located at varléus statlons on the fuselage surface.
At ths scoop entrance, the entrance rake was used to
determine the boundary-layer profile, The values of
boundary~layer thlckness were taken as the distance
from the model surface to the point beyond which the
local total=-pressure loss was leas than 5 percent of
the free~stream dynamlc pressure., In order to evaluate
the effects of boundary-layer transitlon occurring near
the nose of the fuselage, boundary-layer measurements
were made for certaln conflgurations with transition
fixed at the 10-percent fuselage station by means of a

1 inch peripheral band of Wo., 60 carborundum grains

shellacked to the surface. Data presented are for
natural transitlon except as otherwlse indicated.

Force measurements were made with wing, with
wing and basic fuselage, and wlth wlng, fuselage, and
scoop in order to evaluate the drag of the various
scoop configurations.

The scoop was nrovlided with thres longitudinal
planes of surface pressure orifices (fig. 3): at the
bottom center line; 60° from the bottom center line;
and on the sifis of the scoop, 1/l inch (at the closest
point)from the wing-scoop Juncture. Rakes of total-
pressure and statlc-pressure tubes were installed in
the scoop entrance (fig. 3) to obtain entrance total-
pressure-recovery proflles and within the duct to obtaln
internal drag and average inlet-velocity ratios. Small
rakes of total-oressure and statlc-pressure tubes were
inatalled 1n one of the two exits of the boundary-lajyer

.duct Lo obtaln average inlet-veloclity ratlos and internal

drag and at warious locations in the boundary-layer
inlet to obtain local wvalues of the inlet-veloclty
ratlo. For several tests, wool tufts were attached at
various points on and ahead of the scoop in order that
the flow conditlons might be observed and photographed.
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Most of the tests were made .at tliree Mach numbers
0,30, 0.%0; end 0.65, .and. at three. angles of attack, 09,
30, and 6°, ~Certain-configmrations were tested through
& Mach number range from 0.20 to approximately O.ZO
and throughk an angle-of-attack range from 0° to 6°, or
to the higheat value permitted by model strustural
limitations. A curve of avproximate Reynolds number
for the Mach number range of the.tests 1s presented

in filgure 7. ‘

RESULTS AND DISCUSSION
Boundary-Layer Survéys .

Fuselage .~ The pressurs distrlbutions ower the top
and bottom surfaces of the fusslage (without scoop) are
shown in fizure &. The results of the btoundary-layer-
thickness survey on' the bottca center line of the fuselage
are pressnted in figure 9. The values of houndary-

layer thickness ars exprossed nondlmensionally as
fractions of the fuselags length, The effects of

Reynolds number or Mach number are shown o be small

for the range of ths tests. The effect of fixing
transltion near the nmose of the fuselage is to increass
the boundary-layer thickneas by about 45 percent at low
angles of attack at the farthest rearward atation at
which the measurements were made.

Fuselage wlith original scoop Installation.- -The
pressure dlstributions on the bottom center line of the
fuselage with the scoor are shown in figure 10 for thres
values of scoop inlet-veloclity ratio. Comparison of
this figure with figure 8 shows the positive pressure
gradient. due to the scoop. Flgure 10 indlcates that
the static pressure does not reach the wvalue that might
be expected at the scocp entrance at the low_,inlet-
veloclty ratios but drops sharply just ahead of the
scoop, evidently because of flow separation.

The varietions of boundary-~layer thiclness along
the bottom center line of the fuselage with the scoop
are shown 1n figure 11 for scoop inlet-velocity ratlos
from 0,20 to 0.90. The boundary-layer thickness along
the fuselage'at the higheat Inlet-velocity ratio 1s
approximaetely the same as that shown for the fuselage
without the scoop (fig. 9), because only a smgll .
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positive pressure gradient exists ahead of the scoop at
high inlet-~velocity ratios. As the scogp inlet-velocity
ratlo-is. decreased, the Increase in positive pressure
gradient causes abrunt increases in boundary-layer
thiﬁﬁéess immedlately ahead of the scoop entrance until,

= 0,20, the boundary laysr almoat completély

spans the entrance. The thickness of the boundary layer
for thlis condition is about 8 times the normal vaglue,

It 1s apparent that, in advancing iInto the adverse
pressure reglon ahead of the scoop, the boundary layer
has separated the flow and produced a large region in
which a substantial loss in total pressure occurs.

The effect of inlet-veloclty ratio on boundary-
layer thlckness at the scoop-sntrance center line is .
shown 1n figure 12 for both natural and filxed transition
through a range of values .of Reynolds number. An abrupt
increase In 6/1, 1s shown to ocour when Vi/V, 1s
decreased to values below 0.5. Reynolds number effects
on boundary-larer thickness for tine range of these
tests are secondary to thé effects of inlet-wvelocity
ratio, .type of transition, or sngle of attack.

‘Characteristics of Original Scoop Installatlon

Tuft surveys and internal flow.- In order to
determine thne tyve ol flow that occurs in the vicinity
of the scoop entrance, wool tufts were placed at
various locations on the model and photogravhed. Tuft
photographs for the range of inlet-veloclity ratios are
presented in figure 13.

The corresponding total-pressure-recovary profiles
at the scoop entrance and at the duct rake are presented
with erch photograph The total-oressure-recovary data
are presented in the form

AH =H—po
H

1 -
. Hg = Pg o =~ Po

T™is ratio- expresses the impact pressure {referenced

to free-stream static pressure) avallable at a particular

roint as a fraction of the impact pressure avallable in

the free stream. The total-pressure-recovery profiles

at the entrence statlon were measured with a rake
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mounted vertically at the center line of the inlet.

The profiles In the duct were, measured with two radial
rakes at a station (fig. 3) where flow conditions had
become steady and wmiform. The duct proflles therefore
are an indlicatlion of the average flow losses ahead of
that station.

The substantial loss In total pressure that 1is
encountered at the entrance and duct stations at low
Inlet-velocity ratios 1s a result of the thickening and
geparation of the bovndary layer ahead of the. scoop
entrance, The tuft photographs show clearly that the
flow 1s separated, not only In ths scoop entrance but
also well ahead of the entrance and in the wing-scoop
Juncture. Increasing the inlet-wveloclty ratio to a
valune of 0.6 decresses the total-pressure losses.
Above thls value, the duct total-pressure losses
increase in splte of constantly dacreasing .boundary-
layer thickness at the sccop entrance. The average
value of total-rressure-recovory ratlo for the highest
value o 'i/?o, from flgure 13(f), is 0,8. The
losses, as is shown later in results of %ests with the
bomdary layer removed, are a resuli ‘of increased
dlffuser losses caused by sapiration of lcw-sanergy
boundary-laysr air In the diffussr, The tuft photo-~
graphs show gradual Imnrovemsut in externsl Iow
cond%tions with 1lncreass in Inlet-welocity ratic.

At ?rl = 0,50, all tufts are stéadr and smooth flow

o : .
into the scoop takes place.

Typliceal effects of Increasing angle of attack on
flow ccnditions are skown 1iIn figure for a medium value
of Vl/Vo. The total-pressure loss decresses slizhtly
as the angle of attack increases. (Compare fig. 1l
with fig. 13(c).)- The tuft photographs also show some
improvement 1n external flow.

The effects of boundarv laysr are shown to be
Important through the entlre range of inlet-wvelocity
ratios from 0.2 to 0.9. At low Inlet-veloclty ratios,
the boundary layer separates ahead of the scoop entrsance;
at high inlet-velocity ratios, the flow separates within
the diffuser, In all cases, serious losses In total
pressure result.
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* Pressure distributions.- Pressure dlstributions
for three longltudInal planes on the scoop are glven

*in figurs 15 for the range 'of inlet-veloeity ratios.

At high Inlet-velocity ratlos, the oressure dlstribu-
tions have 16w peak negative pressures and no largs

adverse gradients. Bslow v = 0.5, pressure;peaks

o o o
"eppear at the scoop lip and continue to rise as the

inlet~wveloclity ratio 1s decreased to the minimum test

-value. This change of pressure dlstribution 1s to be

expected, since a decrease in the scoop inlet-wveloclty
ratio corresponds to an increase 1n the locsl angle of
attack at the 1ip.

Critical Mach number.- The critlcal Mach numbers
for the three planes of the scoop are shown in fig-
ure 16, These values of Mgp Were obtalned from the
measured peak pressures; when nscessary, the measured
peak was extrapclated beyond the highest test apeed
by the von Kédrmdn ralation (reference li). The decrease
in Mgy with decreasing Vy/V, is a result of the

prapsure pesaks over the scoop lip at low values of
1T.
Lll Vo.

1
The slope of the Mg, curves below 3= = 0.75 is

) o}
less than the slore determined from tests of the same
inlet opening with the fuselagse boundary layer removed.
Thls effect 1s dve to the flow. senaration ahead of the
inlet previously shown. It 1s thus indicated 'that the
external flow over the scoop can bg serious’y affected
by the actiorn of the fuselage boundary layer ghead of
the scoop. Tre walues of ' Hep shown for inlet-velozity
ratlios below 7 = 0. 6 have no practical application

o
because the extermal flow .in thls range 1s serilously
separated and the drag has already become excessive.
The critical speed 1s lowest for the wing-scoop Junciure
and highest for the scoop bottom center 1line for all
values of Vy/V,. Measurement of wing peak hegatlve

pressures at several svanwlse statlona near the. scoop
installation showed.no change in ‘the oritical Mach

. number: of the wing due -to additlon of the scoop. The

critical Mach number for the scoop, on the other hand,
is shown by figure 16 to be affsctsd to an important

"extent by the flow fileld of the wing, This result
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exemplifies the adverge effect on critical speed- that
1s encountered when a scoop 1s located in the superstream-
velocity field of a body.

. Drag.+ Flgure 17. shows the drag charaéteristics ‘of
the .wing, the wing and streamline fuselage, and the wing,
fuselage, and original .scoop installation at the design
angle of attack of 0°, Drag-coefficient curves for the
scoop Inatallation are given -for a low,.a medium, and a
high scoop Inlet-velocity ratio., The drag of the model
with the scoop Installatlion iIncludes Internal drag and
the drag of the hinged exit-control block, These data
show the drag characteristics of the baslc model and
the changes that occur with variations in scoop inlet-
veloclty ratio., The large increase in drag that occurs
as Vy/V, 1s decreased (fig. 17) is-a result of the
flow separation.

Characteristics of Scoop with
Toundary-Layer -Passage

The data from tests of the scoop without boundary-
layer passage clearly indicate the necessity of providing
a means for handling the fuselage boundary layer in
-the vicinity of the scoop entrance, For determining
the necessary dimenasions of the boundary-layer inlet,
figure 11 glves a pessimlistic indication of the thickness
. of the layver that should be removed for a scoop overating
at low inlet-velocity ratios. On the other hand, 1t
was presumed that removal of the normal thickness of
boundary laver at a relatively high inlet~wveloclty ratilo
might largely eliminate bowndary-layer.separation or
growth, T

The modified scoop Installatlon was wrovided with
a boundary-layer vassage ‘having an entrance area of
2.5 square lnches and a height of 1/2 inch (about twlce
the normal boundary-layer thiclkmess at this station).
The scoop dvct entrance was the same as for the origlnal
scoop, In order to orovide frontal area for. the boundary-
laysr passage, the fuselage was partlally undercut, (See
fig. 5.) The passage 'exlts were located near .the wing
tralling edge at the scoop maximum sectlon where the
surface pressure coefficlent was of the order of -0.1,
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Scoop charecteristics are presented in’ detail Tor
a boundary—layqr-naesage inlet-velocity ratio of -
approximately 0.5, which waa found to. be adequatse ;.
thie effect of passage 'Inlet-velocity ratioc’ and other
variables are discussed 1ater in separate sections.

Tuft surveys and. internal £low, - Turt photographs
and total-pressure-recovery prolriles are shown for the
scoop with the boundary-laysr passage in figure 18,

.No loas in total pressure at the ertrance. 1s encounteraed

for the entire range of acoop inlet-velocity ratios,.

- and no measurabls loss in total pressure at the duct

station occurs until high Iinlet-welocity ratios are
reached, The losses at this conditlon are approximately
one~-half those encountered in the scoop wlthout the

' boundary-layer passage (fig. 13). The tuft photographs

show nelthsr irregular nor separated flow for the
entire range of scoop inlet-velocity ratios. The
neceasarily dlvergent flow ahesd of the scoqQp entrance
1s evident at low inlet-wvelacity »atios, btut virtuslly
no unsteady flow =2xlsts.

Pressure distributions.- The pressure distributions
over the scoop with the GLoundary-layer paseage are given
in figure 19 for angles of attack of 0° end 3°. fThe
shapes of the rressure distributlions and the changes
that occur with changes in Inlet-wvelocity ratlio are
S8imilar to those shown in figure 15 for the scoop
without the boundary-lagver passage, The peak regative
pressures at the low inlet-wveloclty ratios are higher,
however, because of the prevention of separated flow
by the boundary-layver-passage installation.

The pressure-distribution data for the three
planes of the scoop show the necessity for designing
alr scoops as three-dimenslonal bodles. Several tests
of scoop installations on specific airplanes (unpublished)
substantiste this indicatlion by showing separation over
scoop 8ides that were essentially flat. The sides of a
scoop should be designed wilth proportions and ordinates
similar to those used for the bottom plane,.

"Critical Mach number.- Flgure ‘20 shows the critical
speeds8 oI . the 8COOp wWith the boundaryhlayer nassage for
sn angle~of-attack range from 0° to 3°, fThese data
establlsh this scoop a8 a high-¢rltical-speed instal-~
lation. The critical Mach niumber of the scoop (apart"
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from the wing-scoop junoture) at .a.= 0°. was. 0,75 at
an inlet-veloocity ratio of 0.6. Tiis value of. oritical
Mach number.decreased to 0,47 .at an inlet-veloecity -
ratio of O.li.- The slightly lower critical speed in the
wing-scoop Juncture at high lnlet-veloclty ratios was
due in part to wing interference and in part to the
epproximately constant 1nlet-velon1ty ratio in ths -

boundary-layer passage,

The results of these tests show that high~critical-
speed scoops oan be derivéed directly from the ordinsates
of high-critical-sneed three-dimenslonal nose 1lnlets, .
The derivation of scoop profiles on this basis appears
promising and should be consldered in future investi=-
gations directed toward the development of high-critical-
spced scoops. A oomparison of the corltlcal Mach number
ocharacteristics of this scoop with the characteristics
of a corresponding three-dimensiqnal nose 1lnlet 1ls gilven
In referchce 5 along with a dlscussion of the apnlication
of nose-inlet design data to the deslgn of fuselage scoops.

Abrupt decrecses 1n ceritical Mach number occur
when the inlet-velocity ratio is lowered bolow .0.6.
Comparison of fizurs 20 with fisure 16 shows the extent
to which the critical-speed characteristics of the
scoop were altered by the boundary-layer separation
that occurred at low inlet-veloclty ratlios when no
boundary-layer passage was provided., The higher
values of M, obtalned at low inlet-velocity ratios
for the original scoo» installation (fig. 16) da not
have their usual signifiocance, becausSe the externsal
flow 1s separated throughout the speed range and the
resulting drag has already reached excessive vdlues
before the critical Mach rnumber is reached. The
critical Mach numbers at the high values of V;/V,
are annrozimately equal for the two installations,
These results show that wind~-tummel tests to determine
the critlceal speed of a scoop installation may yisld
results greatly in error if boundary-layer passages
are omltted from the model for simplification, Withw
out boundary-layer passages, entirely different flow
condi tions are produced, which alter to an lmportant
extent the oritiecal-speed, drag, &and internal-flow
characteristics of the scoop installation.

Effect of boundary-la 4¥assage inlet-velocit:
ratio.- The data presented 1n figures 13 to 20 are for

an average (yl/vQ)BL of approximetely 0.5. For all

test values of boundary-laysr-pasgage lnlet-veloclty
ratlio, the local value of QSBB at the entrance
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ceqtpr'line was fomnd to bs between 0.2 and 0.3 higher
than the aveérage value., Figure 21 presents.tuft . .
rhotographs for average (vi/vb)BL = O.,2. Comparison

of thils figure with figure 18 shows a pronounced .
change in external flow, varticularly at low wvalues
of V1/V,. The tufts show unsteady flow ahead of the

seoop and in the wing-scoop juncture. The total-
pressure-recovery nrofiles (not presented), however,
showed no change from those presented in- figure 18.
Weasurement of thes recovery orofile in the scoop
entrance approxlimatelvw 1/2 Inch from thé side of the
entrance llkewlse showed no appreciable loss there.,

A test:=was made with the boundarv-layer-passage
exits sealed. For thls condition a local: (V1/Vo)gp

of about 0.3 was measured at the entrance center line,
an indication that the flow was entering at the. center,
reversing in the nassage, and spilling from the sides
of the passage entrance. A small decrease In total-
pressure recovery at the duct rake was measured only
at high duct lnlet-velocity ratios, an indication that
a small amount of houndary-layer air was spllling into
the maln duct for that condiltion, The satlisfactory
Inlet-velocity ratio maintained in the center of the
boundary-layer-passage entrance apparently nrevented
the bowndary layer from spllling into the main duct
theres at the sldes of the entrance, the alr spllled
into the lower-vressure reglon of the wing-scoop
Juncture rather than into the righer-pressure reglon
of the main duct. Because of this cross flow and .
spillage, the flow 1n the mailn duct was not adversely

affected by the decrease in (Vl/Vb)BT. The external

flow, however, 1s serlously affected, as 1a shown by
the tuft photogravhs (fig. 21),

Drag.- The drag data are presented as scoop }
external~drag coefflclents GDF based on scocop maximum

frontal area. . The Internal drag in the boundary-layer
passage, measured at the passage exlt, and the internal
drag in the scoop duct, measured at the duct rake
station (fig, 3), have heen deducted from the over-all
drag of the scoop. The drag coefficlents presented
therefore include the internal drag ln. the rear half of
the scoop duct, the exit losses, and the draz of the-
exit-control block in uddition to the scoop drag. The
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drag values therefore are somewhat higher than those
for other scoop lnstallatlons, because tne scoop
confilgurations as tested d1d not represent the optimum
design from drag cons!derations. °

Drag data are presented in table II for ranges
of scoop-duct and boundarv-layer-passage inlet-velocity
ratlos, The  reduction in.drag made possidle by the
boundary-layer passage over that of .the original instal-
lation 1s evident from the data for the high wvalue
of (Vi/vb)BL‘ For the low valus of (¥ Vb)BL’
however, the drag 1s higher than for the origlnal
installation. The drag characterlstics are shown to

be sensitive to changes in (Vi/vb)B and indicate
L .
that the value of (Vl/VO)Bf must be high enough to
N

prevent separation or spillage from the side of the
passage entrance. Increasing (Vi/vo —_ above 0.5

might result in further decreases in cdrag; however,
higher passage inlet-velocity ratios were 1imposslble
without the use of exlt flaps.

Effect of undercutting fuselage.-~ In order to
evaluate tle elfects ol a lLarge amount of undercut
ahead of the scoop entrance, the installation was
modified as shown in figure 6., Such a modiflcation
is of Interest as a method of Iincrsasing the entrance
area of a scoop without increasing the maximwm frontal
area and to give some Information applicable to submerged
or partially submerged scoop installations. The amount

o{ undercut at the scocor entrance was approximately
1~ Inches, or one-half the original scoop-entrance

Ly

height. The entrance area of the main duct was Increased
to 0.0927 square foot, which 1s a 23-percent Increase
in area.

Tuft photographs and total-pressure-recovery
profiles are shown in figure 22. The pressure-recovery
profiles are simllar to those presented in figure 18.
The tuft photographs, however, show that the flow 1s
unsteady, particularly at the low.values of V,/¥,.

In an attempt to improve this condition, the value
‘of (vl/vo)BL was increased to 0.7 by means of exit

I B I BN I Bl O B BN W =
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flaps. Tuft photographs for this condition ars shown
in figure 23 for four values of V;/V,. Some improve-

ment In the flow 1s apparent, but conalderable tuft
motlion stlll exlsta, Observation of these tufts over

.a period of time showed that the flow ahead of the

scoop was alternately rough and smooth, The amount

of undercut in this installation is therefore apparently
ceritical, Further undercutting would probably result

in fallure of the alr to follow the fuselage surface.

The drag data for this installation are giwven in
table II(c). The drag coefficlent is slightly less .
than for the nartially undercut installatlon at the.
high inlet-velocity ratio. At low V,/V,, however,.

the dr is bigher, because of the lower value
of (V1 VbsBL and the slight separation indicated

by the tuft photographs.

Effect of varying boundary-layer-passage helght.-
The helght oI the passags entrance was reduced Irom
1/2 inch to 5/16 inch for several tests. (The normal
boundgry-layer thickness at ths scoop-entrance station
on the streamline fuselage is approximately 5/16 in.)
- The total-pressure-recovery proflles for this c¢ondition
(not presented) show a small loss near the lip, an
indication of boundary-laver splllage Into the duct.
Table II{(c) shows a large Increase in external drag at
low inlet-veloclty ratlos’. Altheugh these tests are
not conclusive, it 1s indicated that use of a boundary-
layer-passage helight somewhat in excess of the normal
boundary-layer thickness at (Vl/VO)BL = 0.5 or less

may be advisable, particularly for scoops operating at
low or medium inlet-wveloclity ratlos.. ) . ’

CONCLUDINZ REMARKS

A lépge alr scoop designed for high critical speed
has heen tested on the fuselage of a %—scale fighter-

type airplans. The coritical Mach number of the scoop
(apart from the wing-scoop jumcture) was 0.75 at an
inlet~velocity ratio of 0.5. Thls value of critical
Mach number decreased to 0.67 at an inlet-velocity
ratio of 0.4. A slightly lower critical "speed was
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attailed in the wing-scoop Jimcture, largely because of
the flow fleld of the wing, ,Pressure measuremehts ovep
Beveral planes of the scoop indlcated that the Bldes of

& scoop should be designed with proportlions and ordinates
similar to those used for the bottom planse: .

The results of these tests showed that high-criticals
dpéed scoops can be derived directly from the ordinates
of highecritical-sveed three«dimenslonal nose 1lnlsts.,
The dérivation of scoop nrofilea on this basis dppsars
promising and should be considered in future investiga-
tions directed toward the develorment of highscritical-
speed acoops. .

The posltive pressule gradlent ahead of ths scoop
at low Inlet-wveloclty ratios caused the fuselage
boundary layver to separate and to attain a thiclmess
at the scoop entrance avproximately 8 times the normal
boundary=-layer thickness. At inlat-veloclty ratios
avproaching unity, the boundary layser at the scoop
entrance was of the same thilclkmess as that on the-
fuselage wlthout a scoop.

The effects of boundary laver on scoop charac-
teristics were Important at all inlet-veloclty ratios.
At low values of inlet-veloclty ratio, significant
losses 1n total pressure available in the duct and
large increases 1n external drag were found to occur
as a result of flow separation shead of the scoop.
entrance., At high inlet-veloclty ratios, the boundary-
layer alr induced separation in the scoop dlffuser,
which caused equally significant total-pressure losses.
The critical Mach number of the scoop installation was
altered by the external ssparation occurring at low
inlet=veloclty ratilos.

A boundary-layer passage of helght about twice the
normal fuselage houndary-laver thlckness ellminated the
internal losses iIn the scoop duct due to the boundary
layer. The lnlet-veloclity ratlae In the houndary-layer
passage was indicated to be of lmportance for, with
increases in boundary-laver-passage 1lnlet-veloclty
ratio, the external drag of the installatlon decreased.
A boundary-layer-passage inlet-velocity ratlo of 0,5
was found to give a substantlal reductlion In drag and
to provide (as shown by tuft surveys) smooth external
flow; however, additional improvement. might be realized
at higher passage inlet-velocity ratios.
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Undercutting the fuselage ahead of the scoop by
one~half the-original scoop-entrance height, as &
means of lncreasing the scoop-entrance area, was 1indl-
cated to be eritical from consideration of fuselage
flow separation,

Lengley Memorlal Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field! Va.
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TABLE I.- MODEL ORDINATES

20

&.11 measurements in in. See figs. 1 and EJ

: Wing .
Fuselage Tpoer Lower Scoor and duct
surface surface

xe P | W *w ¥y *w L, Xs { Vo | Ts | Ta
0 0 0 0 )0 0 10 0 |€.L8 |2.54{2.50

«7511.01] .96} - 09T} .253; .12%;-.238 o2 2.76{2.52
1.00} 1.24{1.17 J150) 206, .180{-.286 .6 T 2.94h12.57
1.25] 1.15|1.35 2581 .388| .202]~.357 1.0 & I3.08{2.60
2.50| 2.27{2.0% 5311 5291 5601 -.176 2.0] 4 13.35{2.69
5.0013.36|2.80 | 1.0791 .72711.121|=. 636 3,0 3,5512.76
7.00] Lool{3.32 | 1.628] .88311.5472] -.760 L.oj & [3.69/2.83
9.00] Lh.61(3.61 | 2.17811.01L] 2:222} -.363 5.0 5’ 3.,80(2.89
11,00} 5.05|3.80 | 3.27911.21812,%21-1.020 6.0 & 1%3.90|2.93
15.00] 5.6 {3.97 | L.381{1.373] 4.L19}-1.139 6.81 % [3.9h|2.96
16.50{ 5,81 14,00 | 5.h84L11.0:90 5.517]-1.229 7.0 ¥ %.9512.96
18.00] 5.91 €.58711.58L] 6.613]-1.296 8.0 3.,9812.96
21.00] 6.20 1\ 7.6011, 649 7.710=1.342 €.86..81L.00]2.88
22.00 6.26 ° B8.79L[1.668] 8.806|<1.369 9.2 {6.L7jL.00|2.86
25.00) 6.0} = 9.89711.702 9.502{-1377 9.5 16.45(% .93 2.81
20,00 6.50] ~ | 11.002{1.691{10.998}=-1.367 | 10.0 {6.43}%.9612.77
32.50| 6.50) + 112.107]1.651{12.093|-L332 | 10.5;6.39(3.9L 2.74
34.50] 6.L9} & 113.213]1.574013.1€7]-1,272 | 11.0 6.2h13.6912.71
35.200 6171 @ 1L.31811.40311L.2821.167 | 11.516.%0 %, 86[2.70
38.00f 6,101 £ |15.419{1.26015.3611-1.018 | 12,0 |6.24]13.82{2.70
Lo.2sf 6,301 v | 16.51711.0L7(16483] -.83 | 13.0{6.11{3.74|2.7h
L2.00) 6.151 & 117.61L] B1T7|17.586) -+ 455 | 1.2|5.97{3.66|2.79
LL.0d 6.061.00 1 18.710) .578{18.6901 - 1i58 | 15.015.8313.56{2,8%
L6.00} 549513437 | 19.806] 34519 79hi =268 | 17,015.5013%.37]2.87
L7.00] 5.86{%.95 | 20.902| .133{20.898!{ =4 397 | 19.0|5.12}{3.1%!2,87
50.00] 5.60{3.90 | 22.000}0 22020 0 2040 1L.90} 2,98} 2.95
5L450] 5.03 |3 .69 ' :
5LeT0} 54003468 | Scoop~lip radius: 0.04
55420} Le92 13465 :
564501 Le 72354
60.00] .08 |3.21
65.00] 3.16{2.58
68.00] 2.58 |2.09
70.00| 2.,16{1.76 NATTONAL ™ ADVISCRY
72.50! 1.63 {130 COVKITTEE FOR AERONAUTICS
75.00] 1.09] .91
77+50] 53| oLé
78.75] .26 .2l
80.00{ 0 0
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TABLE II.- EXTERVWAL-DRAG COEFFICIENTS
TOR SCOQP INSTALLATIONS

o = o°)

(a) Original scoop; ¥ = 0.40

C
0.20 0.222
N Yo 177
.90 132
(b) Scoop with boundary-layer passage; partially
undercut fuselagesy M = 0.30
/ — [ (o o
(vl,VO)BL = 0.5 (vl/vo>EL = 0.2
1/ Dy V1/Vo “bg
0.22 0.168 0.2l 0.260
«55 145 .hg . EA
1,00 116 .9 L1043
(c) Scoov with bhoundary-laver passage; fully
undercut fuselage; M = (0.30
Passage-entrance height, . |Passage-entrance height,
1/2 in.; 5/16 in.;
7. = ! V 7 o= .}.L - a
(vl/vo)BL 0.1 ( l/vo)BL 0.5 to 0.3
Vi/vo 'CDF V1/V, “Dp
0.21 - 0.211 0.19 0.260
32 17 W29 .190
.53 .12 .50 .150
.Bﬁ .10l .éo .103

a o )
(Vi/Vb)BL decreassd as V;/V, increased.

WATIONATL ADVISORY
COMMITTEE FOR AERONAUTIGS
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Installation of model in the Langley 8-foot high-speed tunnel.
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Fig. 11 NACA ACR No. L5BOla
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Fressure coefficient, I~
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NACA ACR No. L5BOla Fig. 19a
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Fig. 19b NACA ACR No. L5BOla
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Figure 21.- Tuft photographs for scoop with boundary-layer passage and
partially undercut fuselage. o = 0°; Mg = 0.20; (Vy/Vilgy = 0.2.
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Figure 23.- Tuft photographs
fully undercut fuselage.
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for scoop with boundary-layer passage and

0°; My = 0.20; (Vy/Vglp = 0.7.
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